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Description 

Definitions - Explanation of Terms 

5 Some terms have been used in the following which are not yet in general usage by the average person skilled in 

the art. Some definitions and explanations of terms are therefore given in introduction. 

a) "(Intrinsically) conductive polymers" (ICP) 

10 This term refers to organic polymers which have (poly)-conjugated rc-electron systems (e.g. double bonds, aromatic 

or heteroaromatic rings or triple bonds). Examples of such polymers are polydiacetylene, polyacetylene (PAc), polypyr- 
role (PPy), polyaniline (PAni), polythiophene (PTh), polyisothianaphthene (PITN), polyheteroarylenvinylene (PArV), in 
which the heteroarylene group can be e.g. thiophene, furan or pyrrole, poly-p-phenylene (PpP), polyphenylene-sulphide 
(PPS), polyperinaphthalene (PPN), polyphthalocyanine (PPhc) etc., and their derivatives (formed for example from 

is monomers substituted with side chains or groups), their copolymers and their physical compounds. They can exist in 
various states, each described by different empirical formulae, which can generally be converted essentially reversibly 
into one another by (electro)chemical reactions such as oxidation, reduction, acid/alkali reaction or complexing. These 
reactions are also occasionally known as "doping" or "compensation" in the literature, or can be regarded as "charging" 
and "discharging" in analogy with the electrochemical processes in batteries. At least one of the possible states is a 

20 very good conductor of electricity, e.g. has a conductivity of more than 1 S/cm (in pure form), so one can speak of 
intrinsically conductive polymers. These forms of the ICP are generally regarded as poly-radical cation ic or anionic salts. 

A good overall view of the (intrinsically) conductive polymers synthesised to date with a chemical structure suitable 
for the present objective, is to be found in Synthetic Metals, Issues 17, 18 and 19 (1987), and in Synthetic Metals (in 
press), Proceedings of the ICSM '88 (Santa Fe). 

25 

b) "Percolation" 

This is generally understood to mean the sudden change of a property of a system at a certain critical point during 
the linear change of another property. Here this term refers to the sudden increase in the electrical conductivity of a 
30 2-phase system at a certain critical concentration ("percolation point" or "percolation threshold") of the conductive 
phase in the continuous, insulating matrix. 

c) "Post-polymerisation processing of ICP" 

35 This refers to the shaping treatment (original forming) or all the pre-treatment stages necessary for forming that 

are carried out on raw, already polymerised, possibly cleaned and dried, if necessary, un-formed (e.g. in powder form) 
ICPs, to produce a usable semi-finished product, almost finished product, or end/finished product. 

d) "Polymer blend" 

40 

This is generally understood to mean macroscopically homogeneous mixtures of partly compatible or incompatible 
organic polymers. They always consist of two or more phases. In contrast to this a polymer alloy is a single-phase 
mixture of compatible polymers; a composite is a composition, usually already a semi-finished or (almost) finished 
product, which constitutes a mixture of polymers with other polymers or other non-polymer substances which is mac- 
45 roscopically not homogeneous, but often a layered arrangement of the individual components; a compound is a mac- 
roscopically homogeneous compound of one or more polymers with one or more non-polymer and not necessarily 
organic substance(s). 

e) "Primary particle" 

50 

The smallest morphological unit, i.e. super-molecular structural unit, (here: of an ICP) that is recognisable in the 
scanning or transmission electron microscope. 

f) Secondary structure, tertiary structure: "aggregate", "agglomerate" 

55 

The primary particles assemble to form higher structures (secondary and tertiary structures). By "aggregate" one 
understands the assemblage of primary particles brought about by growing together and stabilised by material bridges; 
by "agglomerate" one understands the assemblage of primary particles which only consists of point-like contacts. 
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Agglomerates can be broken down again in a substrate and dispersed as primary particles, with aggregates this is not 
possible without breaking chemical bonds. This distinction, conventionally used in pigment technology (cf. Herbst/ 
Hunger, "Industrielle organische Pigmente", VCH 1987), is also introduced here for the description of the morphology 
of ICPs. It should particularly be noted that in the inventor's previous publications these different terms were not (yet) 
5 used, instead due to a lack of more detailed knowledge of the structure of these substances he spoke indiscriminately 
of "agglomerates". 

g) Solubility 

10 A polymer is dissolved when its entire polymer chain is surrounded on all sides with molecules of the solvent, by 

which means the primary particles are usually swollen. There are then no short range interactions between chain 
segments of different polymer chains. A true polymer solution can no longer be separated from the solvent by a filter, 
however fine. 

is State of the Art 

The introduction of intrinsically conductive polymers into the market depends to a great extent on the discovery of 
suitable methods for post-polymerisation processing of the intrinsically conductive polymers. In three previous publi- 
cations the possibility was described of processing intrinsically conductive polymers after polymerisation, and a dis- 
20 tinction was drawn between two application processes: 

1 . The processing of pure intrinsically conductive polymers. 

In DE-PS 34 21 993 a process was described for the manufacture of formed parts from electrically conductive 
organic polymers and/or organic conductors together with a device for carrying out the process, in which [process] 

25 the conductive polymers are shaped under an inert atmosphere above 40°C and below the decomposition tem- 

perature of the conductive polymers and/or organic conductors at a pressure of at least 500 bar. This process 
gave good results and particularly a characteristic change in the morphology of the conductive polymers, cf. in this 
the publications: B. WeBling and H. Volk, Synthetic Metals 15, 183 - 193 (1986); 16, 127 - 131 (1986); 18, 671 - 
676 (1 987). The homogeneity of the finished parts, however still required some improvement for certain uses, and 

30 the cost of the process and the need to use very high quality pressure-resistant materials demand an optimisation 

of the process. 

The later works by Stamm (Mol.Cryst. Liq.Cryst.^09, 259 (1984)) give no new approaches for this. Here PpP, 
which was not oxidised or reduced (not "doped"), was squeezed through a nozzle under high pressure but under 
an oxygen atmosphere, and a fibre was thus produced according to the methods of a solid-phase extrusion (which 

35 was then "doped"). The works by Kreja (Angew. Makromol. Chem. J_27, 33 (1984)) showed a compressibility of 

undoped conductive polymer to the extent that, following the treatment with oxidation agents after the pressure 
treatment, conductivities were to be observed which were dependent on the previously applied pressure. 

Both works support the hypothesis presented in DE-PS 34 21 993 and subsequent publications that conductive 
polymers show a rheology comparable to - in any case highly viscous - polymeric fluids or liquid crystals. The 

40 aforementioned works of the other authors do not in any case offer any approaches for the further optimisation of 

the process. 

2. The production of polymer blends 

In DE-PS 34 22 31 6 and in DE-OS 37 29 566.7 the manufacture of polymer blends with intrinsically conductive 
45 polymers is described. It is possible using this process to manufacture polymer blends from thermoplastic polymers 

and conductive polymers in a broad mixture ratio. This process still has some disadvantages which might prevent 
the wide introduction of polymer blends with intrinsically conductive polymers. There is above all the fact that only 
thermoplastic polymers are suitable for dispersion and that as a result of the process there is not quite an optimum 
dispersion, this can be seen particularly in the particle size of the dispersed particles and in the wide distribution 
so of the particle size. The limitation to matrix polymers with a solubility parameter of more than 8.6 (cal/cm 3 ) 1/2 might 

also prove a restriction for many uses. 

It has proved to be an additional disadvantage of the previously described process that the sometimes very large 
particles impair the reproducibility of the percolation behaviour of conductive polymers. The disclosed percolation of 
55 polyaniline in PCL (B. WeBling, Kunststoffe 76, 930-936 (1986) can only be reproduced with difficulty e.g. in various 
experiments carried out in succession and essentially under the same conditions: the percolation point may also be 
higher than 7.5% by volume and the saturation point may be above 45%. It is also described here (loc.cit., 935), that 
around 40% of the particles are in aggregates of 0.5 to 1 um size or more. It has however also not been possible in 
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the prior art to attain a saturation point of conductivity below 45% by volume. 

Uses below the percolation point can also be found for the polymer blend disclosed in DE-PS 34 22 316, e.g. for 
antistatic requirements which call for a certain transparency, or for indicators. 

Previously it has not however been possible to manufacture dispersions of intrinsically conductive organic polymers 
5 and to use these for non-linear optical effects. One would require monocrystals or oriented thin films/layers of the 
appropriate pure substances or there have been attempts to use organic materials exhibiting non-linear optical effects 
in organic solvents or dissolved in polymers. 

In the literature numerous proposals have been made for the manufacture of polymer blends or pure intrinsically con- 
ductive polymers which are said to be processable as a solution or melt: 

10 

a) Polymer blends or composites by polymerisation of the intrinsically conductive polymers in the polymeric non- 
conductive matrix or in a solution of the matrix polymers (cf. DE-OS 35 44 957; DE-OS 34 09 462; Skotheim, US 
Patent Application 448, 115; M. Paoli et al, J. Polym.Sc. 23(6), 1687(1985); EP-OS 160911; EP-OS 191726; G. 
Street et al, Mol.Cryst. Liq.Cryst. 118, 137 (1985), here p. 145. 

is All the processes have the disadvantage that they carry a high processing cost and despite this no processable 

highly conductive blends are produced. 

b) Polymer blends or composites by manufacturing processes following the completed polymerisation of a "soluble" 
intrinsically conductive polymer (cf. K. Wynne et al, Polym. Comm. 26 (6), 1 62 (1 985); EP-OS 1 44600; DE-OS 33 

20 35 738). The disadvantages are processing using solvents, the need to use high concentrations and the still very 

low conductivity (e.g. 10" 9 S/cm). 

c) Copolymers or soluble and melt-processable homopolymers. The production of processable, and especially 
soluble, copolymers or derived (changed by e.g. alkyl groups) homopolymers offers an alternative, but because 

25 of the cost of the manufacture of the starting materials and the polymerisation process it has no advantages over 

the manufacturing processes of insoluble intrinsically conductive polymers (cf. W. Porzio et al, Mol.Cryst. Liq.Cryst. 
117 , 71 (1985); G. Street, loc.cit. p. 142; G. Street etal, J.Chem.Soc, Chem. Comm. 1985, 375. 

As examples of the soluble intrinsically conductive polymers, which clearly also have a glass transition point, the 

30 soluble polythiophenes and their copolymers are listed (cf. R. Elsenbaumer et al, Synth. Met. _18, 277 (1987)), the 
processability per se of which appears simplified in comparison with, e.g. a polypyrrole or polyaniline, these substances 
however exhibit very high percolation points in polymer blends (e.g. over 10 to 15% by weight) and to date can only 
be processed as pure substances or in polymer blends via solutions, and not by solvent-free processes, mainly in their 
non-complexed, neutral, non-conductive form, 

35 It can be regarded as a disadvantage for the processes according to b) and c) that to date it has clearly not been 

possible to find processing methods for already "doped" (oxidised) ICPs, so that the reaction for the production of the 
conductive forms of this ICP is only carried out after processing via solution or melt. Particularly under the aspect of 
the manufacture of two-phase polymer blends, in which with the help of the instructions given in DE-PS 34 22 316 a 
two-phase percolating system is obtained after dispersion of the conductive polymers, the need is occasionally ex- 

40 pressed for the production of particularly fine primary particles. This has however not yet been achieved. 

It should be taken into consideration here that very different ideas are associated with the term "fine". This is also 
linked with the percolation theories that are accepted among experts today. According to these (cf. B. WeBling, Kun- 
ststoffe 76, 930-936 (1 986), Section 4 and the literature cited there) carbon blacks with secondary aggregates as highly 
structured as possible give low percolation points and high conductivities in combination with polymers. The research 

45 on conductive carbon blacks is therefore directed towards more and more complicated carbon black aggregate struc- 
tures which should not be destroyed when incorporated. Using the same idea Hocker et al (EP-OS 62 21 1 ; EP-OS 83 
330) synthesised highly structured PAc for uses in polymer blends. The suggestion is also occasionally made that one 
should synthesise ICPs in fine fibres. 

In many other works "fine" is used in connection with particle sizes of a few u.m (microns). In DE-OS 3 07 954, for 

so example, the manufacture of fine polypyrrole raw materials is disclosed which are produced using fine carrier particles 
(a similar solution to the problem is found in S. Jasne, Synth. Met 15, 175 (1986)). The disadvantage of this procedure 
however is that 

in addition to the conductive polymer a foreign substance (carrier) must be used in order to obtain fine particles, 
55 this is very expensive and does not permit the manufacture of pure mouldings consisting only of the conductive 

polymers, 

the resulting particles are considerably larger than those of the carrier materials, namely around 10 urn. 
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the particles produced in two-phase polymer systems do not give the desired low percolation points or low con- 
centrations of the saturation conductivity. 

In DE-OS 33 25 893 the oxidative polymerisation of pyrrole in aqueous media is described with a subsequent 

5 electrochemical charging using conductive salts. Before the electrochemical charging average particle diameters occur 
of 0.2 urn with a specific surface of 15 m 2 /g. There are no data on the particle size and surface of the final product or 
on the processability to pure PPy mouldings and the properties of these. It is clearly not the intention to use the products 
in polymer blends and this is also not possible (see below) 

Such polymer blends ("electrically conductive thermoplastic mixtures of macromolecular compounds and fine pyr- 

10 role-polymerisates") were clearly the aim of DE-OS 34 09 462, because the "fine" polypyrroles described above cannot, 
for example, be incorporated into thermoplastic polymers after the completion of the polymerisation and electrochemical 
charging. For this reason pyrrole was polymerised in solution or suspension in the presence of the dissolved matrix 
polymers or their monomers, proportions of 40 to 60% by weight of pyrrole being preferred. Conductivities of 10" 7 to 
10" 1 S/cm are obtained thereby without more detailed data being given on the concentration/conductivity relationship. 

is The PPy exists in particles sizes of 0.1 to 10 urn. There was clearly no process found to produce fine polypyrroles or 
other intrinsically conductive polymers and then to manufacture polymer blends from them. This is certainly also not 
possible with the polythiophenes with 5-90 u,m particle sizes disclosed in DE-OS 34 17 942. 

Our tests with samples of "fine" polypyrrole of this type from various sources have shown that in spite of the small 
particle size stated in each case only a very high percolation point (more than 25 to 30% by volume), a very low 

20 saturation conductivity (never better than 10 -4 S/cm) and a very high saturation point (greater than 50 to 60 % by 
volume) were achieved. These results were confirmed in retrospect by a publication by BASF for the Plastics' Fair K'86 
"Aus der Forschung" (imprint KUX 861 1 d, 10.86), in which on page 39 a diagram is depicted showing the percolation 
curve of a fine polypyrrole. In this the percolation point stands at 30% by weight, the saturation point at 60% by weight 
and the saturation conductivity at 10" 6 S/cm. These fine polypyrrole samples therefore cannot be regarded either as 

25 sufficiently dispersible or sufficiently dispersed. 

Bjorklund and Liedberg, J. Chem. Soc, Chemical Communications 1986, page 1293, describe the polymerisation 
of polypyrrole in an aqueous solution of methylcellulose. But the finished product gained from it also always contains 
very considerable proportions of methylcellulose, and can in principle be regarded as a polymer blend of polypyrrole 
and methyl cellulose. To this extent Table 1 given in the aforementioned publication reproduces the percolation curve 

30 of polypyrrole dispersed in methylcellulose. According to this the percolation point of this two phase system is around 
60 to 65 parts [polypyrrole] to 30 to 35 parts [methylcellulose monomer units], and the saturation point of the conductivity 
not before 93 to 94 parts polypyrrole to 6 to 7 parts methylcellulose monomer units. 

Our own attempts to achieve a stabilisation of the initially producible fine polypyrrole particles by the addition of 
polyvinylpyrrolidone and polyvinylalcohol to the reaction solution, resulted in colloidal polypyrrole in aqueous systems. 

35 This material has particle sizes which are unusually even and very small; Unfortunately, it emerged that polypyrrole 
cannot be separated from these dispersions by the usual filtration or centrifuging methods and that even the polypyrrole 
colloid, which was stabilised by polymers such as polyvinylbutyral or polyvinylpyrrolidone, can only be recovered after 
the processing of the reaction medium in a form which is then no longer re-processable (i.e. no longer dispersible). 
Only pressure filtration through an extremely fine filter (0.02|j,m) results in the separation of the colloid from the aqueous 

40 medium, but in too small a quantity per unit of time. Attempts were also made to convert the aqueous dispersions of 
this polypyrrole-PVP-system into a dispersible form by freeze-drying, but these did not succeed. The results from S. 
Armesand B. Vincent (J. Chem. Soc, Chem. Comm. 1987, 288) are not in contradiction to these results. These authors 
also described the manufacture of very fine polypyrrole in an aqueous medium, the polypyrrole that occurs being kept 
stable by polyvinylpyrolidone and comparable polymers in the dispersion state. The freeze-drying of these reaction 

45 products is admittedly also described, but there is no indication as to whether the dried products thus obtained are 
processable in any form, e.g. as re-dispersible conductive polymer systems, this not being the case from our own tests. 
It obviously makes no sense to carry out reactions in reaction media which admittedly yield fine conductive polymers 
but where the conductive polymers cannot be recovered in a form free from substances that cannot be removed during 
processing, e.g. foreign polymers such as methyl cellulose or polyvinylpyrrolidone. It does not appear advantageous 

so for the solution of the problem in question to synthesise conductive polymers which contain considerable additives of 
foreign substances that cannot be removed in the course of the processing. 
In summary it can therefore be said: 

1 . There are no indications in the literature as to how one might produce intrinsically conductive polymers as raw 
55 materials such that they are better suited as those described in EP-OS 1 68 620 and 1 68 621 for further processing 

or shaping procedures in pure form or in polymer blends than was previously the case. 

2. The suitability of fine ICP raw materials as starting materials for the further processing is not inconceivable, and 
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various tests have been made in this direction which have not however achieved their goal - neither pure fine ICPs, 
nor those which were in a colloidal dispersed state (with polymeric dispersion aids), nor those which were poly- 
merised on fine carriers, are usable. Fine ICPs therefore do not at first appear suitable for the solution of the 
problem. 

3. For the processing of pure ICPs into mouldings, e.g. in a high pressure process according to DE-PS 34 21 993, 
no concepts emerge for particularly suitable raw material forms. It seems logical to add raw materials that are 
already partially aggregated. 

4. For the processing of ICPs into polymer blends it seems recommendable according to the prior art to add highly 
structured, e.g. fibrillar or chain-like, starting forms, in order to obtain percolation at low concentrations. 

5. It therefore the appears reasonable to use different qualities of ICP raw materials for different forming processes. 

It is therefore the object of the present invention to produce intrinsically conductive polymer raw materials which 
are particularly well suited for further processing as a pure material or as a dispersed phase in polymer blends. 

The Invention 

The subject of the invention is a dispersible intrinsically conductive doped polymer (ICP) powder of primary particles 
having a specific surface area acccording to BET of > 15 m 2 /g, an average (weight) diameter of less than 500 nm, and 
exhibiting a percolation threshold concentration of < 7.5 Vol.% ICP (derived from an ICP volume concentration/con- 
ductivity curve measured in polycaprolactone as matrix polymer in the presence of a surface active agent), whereby 
said powder is obtainable through polymerization in a solvent, in which the appropriate monomer is present in solution 
or colloid dispersion but in which the polymer formed is insoluble and that the temperature of the reaction mixture is 
controlled by cooling and the rate of oxidant addition so that it will not rise to a value of more than 5°C over the starting 
temperature. Preferably, the polymer contains in the particle size range > 500 nm not more than 20% aggregates with 
an average size of > 0.5 um 

In general the polymer contains more than 80% of dispersible primary particles with an average diameter of less 
than 500 nm, as shown in the appropriate tests. 

The new teaching of the invention is in the fact that unformed ("raw") intrinsically conductive polymers are partic- 
ularly well processable or shapable, when they consist of primary particles which are not connected with each other 
by material bridges (i.e. they are not assembled into aggregates) but exist as individual particles or as re-dispersible 
agglomerates. 

It was particularly surprising to establish that an intrinsically conductive polymer of a certain chemical structure 
with the same morphological structure of the primary particles and secondary structures has proved suitable for the 
two different further processing procedures (processing of the pure raw substance or dispersion to polymer blends) in 
spite of their completely different requirements. 

The ICP raw materials are particularly well suited for further shaping processing 

a) in pure form using the high pressure process described in DE-PS 34 21 993, but particularly in a further em- 
bodiment described below (isostatic pressure), what is particularly surprising here is that this form of the raw 
materials seems to flow better; 

b) as a dispersion in polymer blends according to DE-PS 34 22 316. Here two aspects are particularly surprising: 

the limitations to manufacturing polymer blends described in the German Patent Specification can largely be 
eliminated, 

with an improved dispersion a lower percolation point (lower critical concentration) and a lower point (lower 
concentration) of saturation conductivity are achieved which contradicts the previously accepted percolation 
theory. 

The preparation of agglomerates which are dispersible into individual primary particles instead of structured ag- 
gregates was previously regarded as impossible and also held to be disadvantageous. Among experts the dispersions 
first described in DE-PS 34 22 316 were therefore regarded as a step in the wrong direction, and the success of the 
percolation attributed not to the dispersion but directly tot he non-dispersed structured aggregates (cf. inter alia : "Ele- 
ktrisch leitfahige Kunststoffe" by S. Roth, H.J. Mair (Ed.), Carl Hanser Verlag Munich/Vienna, 1986). Flow processes 
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in pure ICPs particularly with non-aggregated primary particles are in general considered impossible. The success of 
the invention is also very surprising in this respect. 

It is important that the intrinsically conductive polymer exists as a dispersible solid with a purity of more than 90%, 
i.e. it does not contain more than 10% by weight of impurities originating from the polymerisation, particularly polym- 
5 erisation aids. In other words this means that the dry mass of each of the respective polymers corresponds to at least 
90% of the elementary analysis of the intrinsically conductive polymer, i.e. it is preferred to produce the purest ICPs 
possible in the claimed morphology containing only such residues of polymerisation reagents, by-products and auxiliary 
agents as cannot be eliminated at an economically viable cost. 

The shape of the primary particles is not important. Many of the ICPs according to the invention admittedly occur 
10 as spherical or near-spherical primary particles, but other shapes (rods, fibrils, angular shapes or asymmetric structures 
etc.) are suitable as long as the specific surface area, the particle size and the purity meet the given specifications. 

All conductive polymers are suitable and their (reversibly) "doped" (in other words: complexed, oxidised or prot- 
onised or charged) conductive forms are preferred. The polymers preferably contain counter ions with a molecular 
weight of not more than 1000, such as e.g. benzolsulphonate. ICPs are further preferred which are insoluble in organic 
is solvents or only in very few solvents e.g. in those with a solubility parameter of 11 (cal/cm 3 ) 1/2 . Suitable polymers are, 
e.g. polydiacetylene, polyacetylene (PAc), polypyrrole (PPy), polyaniline (PAni), polythiophene (PTh), polyisothiana- 
phthene (PITN), polyheteroarylenvinylene (PArV), in which the heteroarylene group can be, e.g. thiophene or pyrrole, 
poly-p-phenylene (PpP), polyphenylensulphide (PPS), polyperinaphthaline (PPN), polyphthalocyanine (PPhc) and oth- 
er conjugated polymers, their derivatives (i.e. polymers of derivatives e.g. substituted with side-chains on the ring or 
20 on the heteroatom [these derivatives being] of the monomers forming the above mentioned polymers) and their copol- 
ymers and their physical mixtures with each other. 

In general all polymers are suitable that are convertible via a reversible oxidation or reduction and/or via reversible 
protonisation or other deriving reactions (which one can to some extent describe as a complexing or compensation 
reaction) into conjugated, positive or negative polymer chains (the charging of which is compensated by ions of the 
25 opposite charge), by which means the polymer can exist in states of different conductivity (which normally have a 
different chemical composition). Polymers are preferred with a conductivity which can reach more than 10 -2 S/cm. 

The intrinsically conductive polymers can depending on the application be obtained in neutral, reduced or oxidised 
form or in protonised/deprotonised form, then processed in the further procedures and used. 

The ICP raw materials according to the invention have surprisingly proved to be more suitable than the raw ma- 
30 terials used in these processes previously both for further processing as a pure substance in high pressure processes 
according to DE-PS 34 21 993 and for dispersion in polymer blends according to DE-PS 34 22 316. Additional advan- 
tages that were not foreseeable have also emerged, such as 

simplification of the processing conditions of the high pressure processing of pure polymers 

35 

particular suitability for high pressure processing under isostatic conditions, 

improved homogeneity of the finished products, 

40 - possibility of use for polymer blends with less restrictions than in DE-PS 34 22 316, 

a lower concentration of ICP to achieve percolation (percolation threshold < 7.5 Vol.%) and a lower concentration 
of ICP to achieve the saturation conductivity, 

45 - obtaining a reversible reactivity of the conductivity, optical, electronic and other properties of the ICP despite de- 
cisive changes in the morphology. 

Particular emphasis should be placed on those advantages that facilitate new applications, advantages such as 
the improved homogeneity and electrical and mechanical properties of pure ICP mouldings, improved transparency in 
so polymer blends with low ICP concentration, a lower and more reproducible percolation point and a lower saturation 
conductivity concentration in polymer blends with a higher concentration of ICPs. 

It is not yet possible to provide an explanation for the success of the invention. It is not clear why ICP raw materials 
which are assembled into secondary structures (such as fibrils or other aggregates) are less suitable for high pressure 
forming even though they are in fact already partly pre-formed. It is also unclear why, for example, it is almost not 
55 possible to disperse secondary fibrils in which sphere-like structures can be seen as the primary particles in polymer 
blends, while the raw materials according to the invention are even more dispersible than the raw materials used in 
DE-PS 34 21 993 and DE-PS 34 22 316. 

The ICP raw materials according to the invention can be manufactured in various ways, e.g. electrochemically or 
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chemically. Chemical processes in which the "doped" (in other words: charged, oxidised, protonised) conductive pol- 
ymer is formed directly and is not obtained in its uncharged forms and in which the formation of many centres of reaction 
is possible, have proved particularly suitable; a method in which the length of time that the reaction is being carried 
out is itself relatively long or the rate of reaction is reduced also appears advantageous. In any case it is preferable to 

5 polymerise in media in which the monomer and the doping (complexing) agent are soluble, or are present in colloidal 
dispersion, but in which the polymer is insoluble. It has emerged that it is additionally preferable that the polymers are 
synthesised in the purest possible chemically unitary form and cleaned intensively during reprocessing. 

Further the invention is directed to a process for the preparation of intrinsically conductive polymers in the form of 
dispersible solids with the specific surface area and the particle size range given above, in which process the polym- 

10 erisation is carried out in a solvent in which the appropriate monomer is soluble or exists in a colloidal dispersion, but 
in which the polymer formed is insoluble, and in which process the temperature of the reaction mixture is controlled 
by cooling so that it will not rise to a value more than 5oC over the starting temperature. This starting temperature is 
room temperature or below, i.e. normally will not exceed 20oC. Preferably the temperature is not allowed to rise to a 
value more than 2oC above the starting temperature. 

is The polymerization is preferably carried out under an inert gas atmosphere, in particular under a nitrogen blanket. 

It is further preferred to control the reaction by keeping the electrochemical potential of the reaction mixture < 730 mV 
The viscosity of monomer solution or dispersion before the start of the polymerisation reaction is advantageously 
> 0.9 mPa.sec. The viscosity of the monomer solution or dispersion is preferably adjusted by the addition of an organic 
substance which is soluble in the reaction medium and which increases the viscosity. These substances are not nec- 

20 essarily surface-active. They can have a macromolecular structure. The only restriction on the selection of these sub- 
stances is that they should be able to be washed out easily in the reprocessing of the already polymerised ICR Siloxane 
copolymers have, for example, proved useful for the synthesis of polyaniline. 

If the polymerisation is carried out at a temperature of < 20oC or 1 to 2oC above the temperature at which the 
dissolved monomer precipitates, the viscosity of the reaction medium will increase and the rate of reaction will decrease. 

25 While previously polymerisations of ICP effected chemically (usually suspension polymerisations) were predomi- 

nantly started and carried out at ambient temperature or above without temperature control, apart from in the polym- 
erisation of PAc (which is polymerised at temperatures of -30 to -70oC), processes for the production of the intrinsically 
conductive polymer raw materials according to the invention have proved effective which have taken place at or below 
20oC, preferably below 18oC. In these it is important to avoid any precipitation (crystallising out) of one of the reaction 

30 components. The temperature of the suspension is kept at such a level that the reaction only just takes place. 

It is possible to both add materials which increase viscosity and to work at a lower temperature. Because of the 
frequent formation of the heat of reaction good cooling should be provided. This is achieved by the installation of heat- 
exchange surfaces in the reactor. This should additionally be taken into consideration when the concentration is de- 
termined at which the operation will be carried out. The lower this is set the higher the heat capacity, thus avoiding 

35 local temperature peaks. The process is usually carried out with less than 20% by weight, and preferably less than 10 
% by weight, of monomer in the solution or dispersion. 

The order of addition of the reagents also appears to have a certain influence on the quality of the raw materials 
according to the invention. The addition of the polymerisation reagent (oxidation agent) to the suspension or dispersion/ 
solution of the monomer is preferably such that the heat effect of the reaction can be dissipated. As a rule this demands 

40 that the addition lasts more than 30 minutes with reaction mixtures with 100g of monomer. It is also advantageous to 
pre-mix the monomer solution or dispersion and the reagents at a temperature below that at which the polymerisation 
begins, and to slowly heat [the mixture] to the starting temperature after which the heat effect must be largely dissipated. 

The monomer is preferably added in doses according to the progress of the polymerisation. The polymerisation 
is generally carried out under strong mechanical agitation. If the monomer is not soluble in the dilution agent used, the 

45 usual emulsifiers and/or aids to dispersion are added to obtain a suitable monomer dispersion. 

It has also emerged that it is preferable to maintain a certain oxidation potential when carrying out the polymeri- 
sation. This is generally the lowest potential at which the reaction still takes place. Because this however requires very 
long reaction periods it is better to select a higher potential, a limit being placed on its value by the condition that one 
must avoid over-oxidation. The suitable polymers were therefore usually polymerised at between 550 and 800 mV 

50 and preferably at 600-700 mV vs Ag/AgCI. 

The reaction and shaping should also be implemented following the instructions in EP-OS 168 620 and 168 621 
for the manufacture of purer and more homogeneous ICPs. In addition it is known to be advantageous during the 
forming to treat the ICP intermediate product with compensation and complexing (i.e. de-charging and then re-charg- 
ing). At the compensation stage, if necessary, an over-oxidation can be corrected by the addition of a reduction agent 

55 (e.g. N 2 H 4 ). For polymerisation in an aqueous medium it has proved advantageous to add organic water-miscible 
solvents during the forming stages and thus to greatly reduce the water content of the intermediate products. This 
results in more easily dryable and less aggregated ICP raw materials according to the invention. Suitable here are 
ethanol and other water soluble alcohols, ketones such as acetone, THF, DMSO etc. The freshly polymerised and 
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washed ICP can thus first be compensated in water (discharged) and filtered, and then taken up with organic solvents, 
if necessary dispersed according to EP-OS 1 68 620 and then washed again and filtered, after which the further forming 
stages take place (with or without subsequent complexing/charging) for the preparation of the ICP. 

In many cases it has additionally proved effective to add small amounts (0.1 to 5 % by weight) of surface-active 

5 substances during the synthesis and/or during processing. In some cases it has also proved advantageous to heat the 
polymer suspension or dispersion to a temperature of around 100oC after the end of the polymerisation reaction during 
the processing, this post-treatment stage being carried out with released hot steam or under increased pressure. In 
this cleaning stage the ICPs may be in an aqueous or organic medium. It was found that the tendency of the polymer 
particles to aggregate during further processing can be reduced by this treatment. The polymer powder is preferably 

10 reversibly converted by oxidation or reduction or by being treated with an acid or base into a conductive or non-con- 
ductive oxidation or protonisation state without the shape and size of the primary particles being significantly altered. 

After the cleaning and processing stages, and if appropriate compensation or complexing, the raw material ac- 
cording to the invention is prepared, e.g. dried, for use in the subsequent processing procedures. As was described 
above, very well dried and de-gassed raw materials are preferably used for the processing of the pure ICP in the high 

is pressure process. Only pre-dried raw materials according to the invention can be employed for use in polymer blends; 
the final drying can then take place during the manufacture of the polymer blend, especially as the majority of synthetics 
processing machines are equipped with de-gassing options. 

The raw materials according to the invention can be characterised using the measurement of the specific surface 
area. In contrast to previously known powder-form ICP raw materials those according to the invention have a specific 

20 surface area (measured using the BET method) of more than 15 m 2 /g, and preferably more than 25 m 2 /g. 

The raw materials according to the invention occur as powder with 80% by weight of the primary particles being 
smaller than 500 nm, and not more than 20% by weight of these being aggregated into aggregates of more than 1 urn. 
This can be seen from scanning electron microscope photographs of the dried solid and using the light microscope 
from the SEM (electron microscope) examinations of the dispersions in polymer blends. 

25 The light microscope examination is carried out with the solid according to the invention dispersed in a test polymer 

either directly or as a concentrate with the help of an internal mixer. Suitable as test polymers are PCL or PVC. The 
concentration of the substance to be dispersed is usually 0.5% by weight. The mixture is pressed out to a thin film. 
Using the raw materials according to the invention one can see an evenly highly coloured semi-transparent substance; 
the colouring is due to the dispersed primary particles. In addition one can see in some circumstances undispersed 

30 particles of 0.5-1 urn and single coarse particles. 

The raw materials according to the invention can be formed following the instructions in EP-OS 168 621 . An im- 
proved embodiment of EP-OS 168 621 consists in allowing the necessary pressure to act isostatically on the ICP. It 
was found thereby that manufacturing formed parts from conductive polymers under pressure and under an inert at- 
mosphere leads to particularly homogeneous formed parts. Preforms can initially be manufactured under conditions 

35 of procedure which are subject to no particular restriction. It has emerged however that the use of formed parts ac- 
cording to DE-PS 34 21 993 gives better results. The application of isostatic pressure is successful when known hot- 
isostatic presses are used in which both the pressure and the inert atmosphere are provided by noble gases such as 
helium or argon. 

It was particularly surprising that using this process an originally amorphous polyaniline, which after forming ac- 

40 cording to the prior art only has a vague semi-crystalline nature, and an originally x-ray amorphous polypyrrole after 
the application of isostatic pressure have a distinct semi-crystalline form in the x-ray diffraction pattern. 

For the implementation of this embodiment of the invention any apparatus is in principle suitable which can produce 
isostatic pressure under an inert atmosphere and using which one can simultaneously bring the material to be formed 
or the preformed blank to the desired temperature, this being above the ambient temperature and below the decom- 

45 position temperature of the substance concerned. Oils are also suitable as the pressure transfer medium, preferred 
however is apparatus in which inert gases, e.g. noble gases such as helium or argon, serve both to supply the inert 
atmosphere and as the pressure transfer medium. A particularly suitable embodiment of the process consists in a 
preformed blank which, for example, has been manufactured according to the instructions in DE-PS 34 21 993, being 
introduced under an inert atmosphere into a vacuum-tight or pressure-tight casing, known as a capsule and the capsule 

so being sealed so that it is pressure and vacuum-tight, e.g. by welding or soldering. The capsule is preferably made of 
metal, e.g. Cu or steel sheet. The capsule with the preformed blank is transferred into a suitable plant, e.g. into a 
apparatus for carrying out the so-called hot-isostatic techniques or for carrying out hot and isostatic pressing, such as 
used in powder metallurgy for the production of high-quality mouldings ("Hot isostatic pressing"). In the apparatus the 
desired pressure is set, this pressure should be above 50 bar and preferably above 200 bar, and the desired temper- 

55 ature, which should be above 35oC and must be below the decomposition temperature at the chosen conditions. The 
pressure is then maintained longer than 10 minutes, after which the temperature drops first and then the pressure is 
regulated down to normal pressure. Then the appararus and the capsule can be opened. Very homogeneous mouldings 
result, which depending on the chosen conditions of the process and the raw materials are extraordinarily rigid and 
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break-proof. 

The raw materials according to the invention are particularly suitable for this improved embodiment because 
very homogeneous mouldings already result from untreated raw materials in powder form, 

5 

preforms from raw materials in powder form can be refined in a subsequent treatment under the described isostatic 
conditions into formed parts of previously unattainable quality (homogeneity, mechanical and electrical properties), 

lower pressures can be used than were previously necessary. 

Formed parts of almost any geometry and size desired can therefore be made now from ICPs. In particular the 
new high quality of the formed ICP according to the invention permits, e.g. mechanical after-treatment. Formed parts 
(semi-finished products or almost finished products) can therefore be manufactured from ICP raw materials according 
to the invention of the most varied chemical composition which are brought to their final form by further processing 

is such as, for example, cutting, boring, milling, machining, ultrasonic processing, spark erosion etc. One can therefore 
obtain, e.g. very thin (< 100 u.m e.g. to 0.5 u.m) plates, or other components in any form desired. 

The (electro)chemical properties of these substances, which do not change during the forming and further process- 
ing operations, additionally allow the manufacture of formed parts of a complicated structure, because by (electro) 
chemical aftertreatment various layers (insulating, semi-conductive, conductive) or structures (e.g. conductor channels 

20 or paths) and boundary layers (e.g. p-n-bridges) can be produced in or on a formed part. The various oxidation and 
protonisation states, for example, of e.g. polyaniline, make it possible to adjust the electrical properties of a finished 
product according to the requirements of the desired application almost at will. 

A further particularly advantageous possible application of the ICP raw materials according to the invention is in 
their dispersal in polymers that are not electrically conductive. Processes suitable per se are described in EP-OS 

25 168620, EP-OS 168 621 and EP 181 587. The raw materials according to the invention, however, create considerable 
additional advantages compared with the prior art in the application of analogous dispersion processes: 

They can also be dispersed in thermoplastic polymers with a solubility parameter of less than 8.6 (cal/cm 3 ) 1/2 , 

30 - Non-thermoplastic polymers can also be used as matrix polymers (duroplastic resinous substances, lacquers, 
latexes, liquid-crystal polymers etc.), 

Prepolymers are suitable as they were previously, including those which do not produce thermoplastic substances, 

35 - A further advantageous embodiment of the use of ICP in blends which is made possible by the new ICP raw 
materials according to the invention consists in preparing the compensated (discharged) ICP and incorporating it 
into a polymer matrix which contains or can form reactive groups, with which the charging of the ICP can be carried 
out; useful here are polymers containing or forming, e.g. sulphonic acid or other acid groups, by which the dis- 
charged ICP is re-charged (complexed) in the polymer matrix, 

40 

In comparable matrix systems a considerably lower critical volume concentration results (a lower percolation point) 
at which the polymer blends convert from the insulating into the conductive state: while previously (cf. EP-OS 
0168620, page 16, line 12; B. WeBling, H. Volk, Synthetic Metals 18 671-676 (1987), here: page 673; B. WeBling, 
"Electronic Properties of Conjugated Polymers" Page 407-412, Springer Verlag) percolation was observed at 
45 around 7.5 to 10% by volume for polymer blends manufactured via the melt, percolation with the raw materials 

according to the invention is clearly possible at under 7.5% by volume, e.g. at 5 to 6% by volume or even lower. 
At the same time the concentration of ICP necessary to achieve maximum (=saturation) conductivity drops from 
over 40% by volume to under 40%, e.g. to 25 to 35 % by volume. 

so The polymer blends have advantageous antistatic properties depending on the concentration of ICP, which distin- 

guish them from known forming materials that contain carbon black because of their low content and the non-black 
optical effect. Moreover they have the same properties as self-supporting films of PAc, PPy or PAni, e.g. as regards 
the temperature dependency of the conductivity, the (electro-)chemical reactivity of the interactions with electromag- 
netic waves of all types or the thermoelectric power, which cannot be achieved by compounds filled with conductive 

55 carbon black. 

The raw materials according to the invention are preferably used after the after-treatment stages have been carried 
out (forming or polymer blend manufacture) e.g. in the following areas (this list being only by way of example and not 
limiting): 
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as electrical conductors (e.g. as push switches, electrodes etc.) or semi-conductors, 
as protection against static charges, 

for shielding against electromagnetic waves (EMI - shielding), 
for the absorption of microwaves (for shielding or heating purposes), 
5 - for the manufacture of capacitors or to replace electrolytes in electrolytic capacitors, 
for the manufacture of semi-conductor components such as diodes, transistors etc., 
as photo-conductors or in photovoltaic energy conversion, 

in compositions with metals or metalloids or in compositions with various conductive polymers in the exploitation 
of the thermoelectric effect as a temperature probe (IR-absorption) or in thermovoltaic energy conversion, 
10 - as sensors, 

as indicators, e.g. by electrochromism, microwave absorption, thermoelectric power etc., 
in processes of electrolysis or electrosynthesis as electrocatalytic electrodes (e.g. in fuel cells), 
in photoelectric catalysis or synthesis, and photovoltaic effects, 
in protection against corrosion, e.g. in anodic corrosion protection, 
is - as electrodes in re-chargeable batteries, 
as UV- and light-stable pigments. 

The following examples are intended to illustrate the invention without however limiting it .... 
20 Example 1 

180 g of methane sulphonic acid and 120 ml of aniline are dissolved in 1200 ml H 2 0 and then cooled to OoC 
(control of temperature to avoid precipitation or crystallisation). A refrigerated solution of 240g of peroxydisulphate 
(oxidation agent) in 1200 ml H 2 is slowly added drop by drop over about 2 hrs and 30 mins, so that the temperature 
25 does not rise above 5oC. The raw polymer precipitated is filtered and washed four times in a 1 M aqueous solution of 
methanesulphonic acid and filtered each time. 

Yield: 202 g. Conductivity (dried powder, pressed cold): approx 5 S/cm. Specific surface (BET): 26 m 2 /g. 
Example 2 

30 

Various monomers and opposite charged ions (complexing agents or proton isation agents or "doping agents") can 
be used as in Example 1 and different oxidation agents can be employed for the polymerisation, e.g.: 
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To maintain the desired oxidation potential an Ag/AgCI electrode is immersed in the reaction vessel, the measured 
quantity outlet [of this electrode] being linked to a dosing pump via a redox-potential control device. The redox-potential 
desired can be set on the control device. It has proved beneficial not to polymerise above 730 mV 

5 Example 3 

The raw, washed polyaniline from Example 1 or the raw polymers from Example 2 are suspended in water and 
ammonia solution is added until the suspension reacts strongly alkaline. Then the process is carried out as described 
in EP-OS 0168620 and the compensated (neutralised or discharged) raw polymer is obtained. This is washed with 
10 water and filtered after every washing operation until the water used for washing only reacts slightly alkaline. The last 
filter cake is taken up in dimethyl sulphoxide and dispersed, e.g. using ultrasonics. To eliminate the remaining aggre- 
gates [the dispersion] is filtered through a black-band filter and then double the quantity of isopropanol is added to the 
filtrate. After two days the precipitated compensated polymer is filtered off and washed several times with isopropanol. 
Specific surface (BET): 26 m 2 /g (polyaniline from Example 1) 

15 

Example 4 

The other polymers obtained according to Example 2 are treated in an analogous manner. 
20 Example 5 

The raw materials according to the invention obtained as in Examples 1 to 3 are dried and examined in a scanning 
electron microscope. Primary particles are found of < 250 nm, these are very easily distinguishable from one other, 
some isolated and some in agglomerates. The smallest recognisable primary particles have a diameter of 10 to 20 
25 nm. The proportion of larger aggregates is less than 20%. 

Example 6 

The compensated, intrinsically conductive polymer obtained according to Example 3 is dispersed following the 
30 instructions of EP-OS 1 68 620 in polyethylene glycol (PEG) at a concentration of 40 %. The PEG-PAni concentrate is 
dried and then diluted in polymethylmethacrylate (PMMA) or polycarbonate (PC) in an extruder in the concentration 
suitable for non-linear optical uses. 

Example 7 

35 

The intrinsically conductive polymers obtained according to the Examples 1 to 3 (in the latter complexing is again 
with H + X") are washed after the last washing operation with acetone, methanol or iso-propanol to simplify the subse- 
quent drying, and then dispersed in polycaprolactone (PCL), polyethylene oxide, ethylene acrylic acid copolymers or 
polyvinlypyrrolidone following the instructions in EP-OS 168 620 in a concentration of 50 to 75% by volume and inten- 
40 sively dried during or after the manufacture of the dispersion. The concentrates of the intrinsically conductive polymers 
are then diluted in the desired concentration in the polymers to be used for the further applications, these [polymers] 
may or may not be thermoplastic. 

Example 8 

45 

100 ml of 70% methane sulphonic acid, 60 ml aniline and 10 g of Polysurf CG6 (Atlas Chemie Co.) are dissolved 
in 800 ml of H 2 0 Separately 100 g of ammonium peroxydisulphate are dissolved in 500 ml of H 2 0 Both solutions are 
cooled to OoC and then quickly combined. The heat of reaction must be rapidly dissipated. After filtering off, the cleaning 
is carried out as in Example 1 . 

so Yield: 95 g. Conductivity (dried powder, pressed cold): approx. 3 S/cm. Average particle size (SEM): approx. 0.2 um 
Example 9 

500 ml ABIL B 9950 (a siloxane copolymer from Th. Goldschmidt AG), 200 ml of 28% hydrochloric acid and 120 
55 ml of aniline are dissolved in 500 ml of H 2 0 and cooled to -5oC. At this temperature a solution of 180 g of peroxydi- 
sulphate in 400 ml of H 2 is added slowly drop by drop. After 20 hrs the precipitated polyaniline is filtered off and cleaned 
four times as in Example 1 with 1.5M hydrochloric acid. 
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Yield: 210 g. Conductivity (dried powder, pressed cold): approx. 5 x 10" 1 S/cm. 
Specific surface (BET): 20 m 2 /g; average particle size: approx. 0.1 um 



Example 10 



The product of Example 1 or the re-complexed product of Example 3 is intensively dried to a residual solvent 
content of < 0.5% and then combined in a ball mill or a high-speed mixer with Polysurf CG6 in the ratio 3:1 (ICP:CG6). 
This product is dispersed in the concentration desired in the polymers required for the further applications (cf. Example 
7 and 11). The following table contains the measured values for the conductivity when different quantities are dispersed 
in PCL 



Vol.% PAni 


Conductivity (S/cm) 


2.5 


9x 10-" 12 


2.7 


1 x 10-" 11 


3 


8x 10" 7 


3.4 


3x 10" 6 


3.7 


2x 10- 3 


4 


5x 10- 3 


4.5 


6x 10-3 


5 


2x 10- 2 


6 


4x 10- 2 


6.5 


6 x 10-2 


7 


7 x 10-2 


8 


1 x 10-" 1 


9 


1 x 10-" 1 


10 


2 x 10-1 


11 


4x 10" 1 


12 


6x 10" 1 


16 


1.7 


25 


2.9 


34 


4.4 



In an analogous manner one can obtain polymer blends with polyester-polyurethane (Shore A 85)-PVC (K value 
57)-blends (60:40) or polyamide-6,11 copolymers, which naturally have a different percolation behaviour because of 
their different matrix properties (see Figure 4). 

Example 11 



A polyaniline obtained as in the Examples 1 to 4 and treated as in Example 7 which can be processed to polymer 
blends shows the following dependency of the conductivity on the volume concentration after dispersion in PCL; Test 
1 is shown in graph form in Figure 1 . 



Vol.% PAni 


Conductivity (S/cm) 


Test 1 


Test 2 


3.7 




8x10- 9 


4 


9x10- 9 


5 x 10-7 


4.5 


1 X 10" 7 


1 X 10-7 


5 


4x10- 7 


9 x 10- 6 


6 


3x10-7 


5x10- 6 


6.5 


2x10-7 


3x 10" 6 


7 


8x10- 5 


2x 10" 6 


8 


4x10- 4 


9 x 10- 4 


9 


3x10-3 


3 x 10-3 
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Vol % PAni 


Conductivity (S/cm) 


Test 1 


Test 2 


10 


6x10- 3 


1 X 10- 2 




9x10- 3 


4 x 10-2 


12 


8x10- 2 


7 x 10-2 


16 


1 x 10" 1 


5x 10" 1 


25 


2x10-1 


2x 10-" 1 


34 


1.5 


2.0 



Polyaniline and polypyrrole that do not correspond to the instructions in the invention exhibit a percolation curve 
as shown in the diagram of Fig. 2. 

Example 12 

A concentrate of polyaniline hydrochloride in PCL produced as in the previous Examples is mixed with 7% con- 
ductive carbon black. (Ketjenblack EC) and with 2% chlorinated polyethylene pre-stabilised with barium cadmium stea- 
rate in melt and extruded or pressed into electrode strips. The electrodes are placed in glass beakers which are con- 
nected via a salt bridge. Hydrogen peroxide in 1-N hydrochloric acid is added to one of the two glass beakers while 
hydrazine in 1-N ammoniac solution is added in the other beaker. A potential of 800 mV (without current) results and 
a maximum initial current of 2.1 mA. 

Example 13 

A blend of polyaniline-MeS0 3 H in plasticised PVC obtained as in the previous Examples is pressed on to silver 
electrodes; one contact point is irradiated with infra-red [radiation] and the other is shaded as in the arrangement in 
Fig. 3A. There results a linear dependence of U th [m V] vs T[K] and a thermoelectric voltage of 0.95 mV/100 K, cf. Fig. 3B. 



The product from Example 10 is dispersed in a concentration of 1% in a polyurethane matrix. After leaving in 
normal climate (20oC, 55% relative air humidity) for 24h the transparent film is antistatic (10 8 to 10 10 Q surface and 
volume resistivity). 

Example 15 

A product manufactured as in the Examples 1 to 4 is incapsulated under an inert atmosphere, and the capsule is 
placed in a hot-isostat press. The press is heated to 220oC and the pressure is brought to 1100 bar. The pressure is 
maintained for 60 min, the capsule is cooled first and then the pressure is slowly released. A compact moulding can 
be taken from the case which is mechanically very strong, the conductivity and elementary analysis of which corre- 
sponds with that of the starting product. 

Example 16 



Raw conductive polymer from one of the Examples 1 -4 or 7 - 10 is dispersed in a ball mill into a solvent containing 
clear lacquer on a basis of chlorinated rubber or on a basis of a VC-copolymer. It is best to use a concentration of 
between 20 and 25% in relation to 100% of the lacquer containing the solvent. 

Fig. 5 shows the dependence of the conductivity of the dry lacquer on the concentration of PAni. 

In its undiluted state the lacquer is only just brushable, it can however if required be diluted with MEK [methylethyl- 
ketone] to obtain better flow properties. 

The lacquer can be used depending on the concentration as an antistatic coating or for applications according to 
Example 17 or 18. 
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Example 17 (Capacitor) 

The conductive lacquer from Example 1 6 is applied to an aluminium foil which is either - as is usual in the manu- 
facture of electrolytic capacitors - formed, or not formed. After a drying period of 1 2 to 24 hours the conductive lacquer 
coating is touched with conductive silver lacquer, so that it is possible to attach a connecting electrode. After a further 
drying period of approx. 30 minutes the measuring electrodes are attached to the aluminium foil and to the conductive 
silver coating. The following readings result (LCR bridge from Hewlitt-Packard): 



V o w © 



U < -u ns 
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One can see that probably an aluminium oxide layer is built up in the course of the tempering stage (3h 80o) which 
corresponds to the forming process. The resulting capacitor is more efficient. 

Example 18 (anodic corrosion protection) 

5 

The lacquer from Example 16 is applied to a non-corroded, smooth and polished steel plate. After drying the 
adhesion is relatively good. After a few days a section of the lacquer coating is scratched off with a spatula as a control 
and it is established that the iron has taken on a red-brown colour. The discolouration indicates that an iron oxide has 
been formed. The thin red-brown layer adheres firmly to the iron (on the steel plate) and does not have the porous, 
10 voluminous and poor adhesive character of normal rust. 

To test the corrosion properties a number of steel plates were completely lacquered and tested in a salt-water 
corrosion test. The results are excellent in comparison to untreated steel and comparably good in comparison to con- 
ventional paints. 

To examine the reaction which takes place between iron and PAni lacquer, carbonyl iron powder is coated with a PAni 
is lacquer in an analogous manner as in Example 16 and dried in the rotatory evaporator. Following the completion of 
the reaction after a few days the lacquer is extracted with MEK. In the IR Spectrum in addition to a broad absorption, 
which may be due to an iron oxide, distinct bands can be seen that are characteristic of PAni which has been complexed 
with the respective acid. These bands do not disappear, at least not completely, after pyrolysis of the coated and 
extracted iron powder under a nitrogen atmosphere at 800 to 1 000°. In the x-ray fluorescence analysis traces of sulphur 
20 can also be seen after this treatment, these are due to the complexing sulphonic acid. The iron powder is red-brown 
after this treatment and looks like an iron oxide powder. 

An elementary analysis gave the following results: 
Fe 86.0%, C 7.4%, H 0.19%, O 3.1%, N 1.19%, S 0.05%. 

These results show that apparently a thermally stable complex with iron oxide is formed since some PAni is still present 
25 after the heat treatment. 

Example 19 (EMI shielding) 

Thermoplastic polymer blends of conductive polymers, e.g. PAni(-MeS0 3 blends as in Example 10 or 11 ("A") are 
30 worked into plates of differing thickness and conductivity. As comparison materials electrode substances filled with 
carbon black ("B") are manufactured as in DE-PS 36 19 094 and the shielding of electromagnetic waves of different 
frequencies by all the plates is measured. The following values (in dB) result: 



shielding material 


conductivity (S/cm) 


thickness (mm) 


shielding 


(dB) 


at 10 6 kHz 


30 


100 


300 


A 


5 


3.5 


67 


58 


52 


51 


B 


5 


3.5 


62 


51 


48 


42 


A 


5 


1.5 


64 


52 


47 


42 


B 


5 


1.5 


60 


45 


38 


28 


A 


0.1 


1.8 


63 


43 


38 


28 


B 


0.1 


1.8 


56 


41 


30 


10 



One can see that the polymer blends containing PAni are in every case superior to the comparison materials based 
on carbon black. 



Claims 

so 

1 . Dispersible intrinsically conductive doped polymer (ICP) powder of primary particles having a specific surface area 
acccording to BET of > 15 m 2 /g, an average (weight) diameter of less than 500 nm, and exhibiting a percolation 
threshold concentration of < 7.5 Vol. % ICP (derivedf rom an ICP volume concentration/conductivity curve measured 
in polycaprolactone as matrix polymer in the presence of a surface active agent), whereby said powder is obtainable 
55 through polymerization in a solvent, in which the appropriate monomer is present in solution or colloid dispersion 

but in which the polymer formed is insoluble and that the temperature of the reaction mixture is controlled by cooling 
and the rate of oxidant addition so that it will not rise to a value of more than 5°C over the starting temperature. 
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2. Polymer powder according to claim 1 comprising an organic polymer with a (poly)-conjugated 7i-electron system 
or a derivative thereof. 

3. Polymer powder according to claim 2, the polymer being selected from the group consisting of polydiacetylene, 
polyacetylene, polypyrrole, polyaniline, polythiophene, polyisothianaphthene, polyheteroarylene vinylene (in which 
the heteroarylene group can be thiophene or pyrrole), poly-p-phenylene, polyphenylene sulfide, polyperinaphtha- 
line, and polyphthalocyanine. 

4. Polymer powder according to one of the claims 1 to 3, characterized in that in its dried form it does not contain 
more than 10% by weight of impurities originating from the polymerization. 

5. Polymer powder according to one of the claims 1 to 4, characterized in that the conductive polymer is in a form 
that is reversibly doped by oxidation or proton isation. 

6. Polymer powder according to one of the claims 1 to 5, characterized in that it contains no counter ions with a 
molecular weight of more than 1000. 

7. Process for the preparation of the intrinsically conductive polymer powder according to claims 1 to 6, characterized 
in that the polymerization is carried out in a solvent, in which the appropriate monomer is present in solution or 
colloid dispersion but in which the polymer formed is insoluble, and that the temperature of the reaction mixture 
is controlled by cooling and the rate of oxidant addition so that it will not rise to a value more than 5°C over the 
starting temperature. 

8. Process according to claim 7, characterized in that the temperature is not allowed to rise to a value more than 2°C 
above the starting temperature. 

9. Process according to claims 7 or 8 characterized in that the polymerization is carried out at a temperature of < 5°C. 

10. Process according to anyone of claims 7 to 9, characterized in that the polymerization is carried out in such a way 
that the monomer concentration in the solution or dispersion does not exceed 20% by weight at any time. 

11. Process according to anyone of claims 7 to 10, characterized in that the polymerization is carried out under an 
inert gas atmosphere. 

12. Process according to anyone of claims 7 to 11 , characterized in that the electrochemical potential of the reaction 
mixture is kept < 730 mV. 

13. Process according to anyone of claims 7 to 12, characterized in that emulsifiers and/or dispersing agents are 
added for the formation of a monomer dispersion. 

14. Process according to anyone of claims 7 to 13, characterized in that the viscosity of the monomer solution or 
dispersion is > 0.9 mPa-sec before the start of the polymerization reaction. 

15. Process according to claim 14, characterized in that the viscosity of the monomer solution or dispersion is adjusted 
by the addition of a viscosity increasing organic substance which is soluble in the reaction medium. 

16. Process according to claims 14 or 15, characterized in that the viscosity of the reaction medium is controlled by 
adjusting its temperature to a sufficiently low value. 

17. Process according to anyone of claims 7 to 16, characterized in that after the end of the polymerization reaction 
the polymer suspension or dispersion is heated to a temperature above 100°C, this after-treatment being carried 
out in a closed container under increased pressure if necessary. 

18. Process according to anyone of claims 7 to 16, characterized in that the polymer powder is converted reversibly 
by oxidation or reduction or by treatment with an acid or base into a conductive or non-conductive oxidation or 
protonisation state without significantly altering the surface area and size of the primary particles. 

19. Use of the polymer powder according to claims 1 to 6 for the. manufacture of formed parts with electrical conductivity 
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by pressing the powder at increased temperatures in the absence of air. 

20. Use according to claim 1 9, characterized in that the powder or a preformed blank is exposed to isostatic pressure. 

5 21 . Use of the polymer powder according to claims 1 to 6 for the manufacture of polymer blends by mixing the intrin- 
sically conductive polymer powder with non-conductive matrix polymers and/or with polymerisable monomers and/ 
or prepolymers, from which the matrix polymer is produced by polymerisation. 

22. Use according to claim 21 , characterized in that thermoplastic matrix polymers are used. 

10 

23. Use according to claim 21 , characterized in that the mixture of intrinsically conductive polymer powder and polym- 
erizable monomers and/or prepolymers is converted by polymerization directly into the desired formed body. 

24. Use according to claim 23, characterized in that the matrix polymers are not thermoplastic. 

15 

25. Use according to claim 23 or 24, characterized in that the mixture of intrinsically conductive polymer powder and 
polymerisable monomers and/or prepolymers is in the form of a lacquer which may optionally comprise a solvent. 

26. Use of the polymer powder according to anyone of claims 1 to6 or the formed bodies or lacquers obtained therefrom 
20 according to claims 1 9 to 25 

*■ as electrical conductors or semiconductors, 

> as protection against static charges, 

> for shielding against electromagnetic waves (EMI shielding), 

25 *■ as capacitors or as substitutes for the electrolyte in an electrolyse capacitor, 

»■ for the manufacture of semiconductor components, particularly diodes or transistors, 
»■ as photoconductors or in photovoltaic energy conversion, 

*■ in combination with metals or semimetals or in combination with various different conductive polymers 
using the thermoelectric effect as a temperature sensor (I R absorption) or in thermoelectric energy conversion, 
30 *■ as sensors, 

*• as indicators (electrochromism), 

*• in electrolysis or electrosynthesis processes as electrocatalytic electrodes, in particular in fuel cells, 
*■ in photoelectro catalysis or synthesis, 
* in corrosion protection, 
35 *■ as electrodes in batteries. 



Patentanspruche 

40 1. Dispergierbares intrinsisch leitfahiges dotiertes Polymer (ICP)-Pulver von Primarteilchen mit einer spezifischen 
Oberflache gemaf3 BET von > 15 m 2 /g, einem mittleren (Gewicht) Durchmesser von wenigerals 500 nm und einer 
Perkolationsschwellenkonzentration von < 7,5 Vol.% ICP (abgeleitet von einer ICP-Volumenkonzentration/Leitfa- 
higkeits-Kurve gemessen in Polycaprolacton als Matrixpolymer in der Gegenwart eines oberflachenaktiven Mit- 
tels), wobei das Pulver durch Polymerisation in einem Lbsungsmittel erhaltlich ist, in welchem das entsprechende 

45 Monomer in Losung oder kolloidaler Dispersion vorhanden ist, aber in dem das gebildete Polymer unloslich ist 

und die Temperatur der Reaktionsmischung durch Kuhlen und die Geschwindigkeit der Oxidationsmittelzugabe 
reguliert wird, so dal3 sie nicht iiber einen Wert von mehr als 5 °C uber der Starttemperatur ansteigt. 

2. Polymerpulver nach Anspruch 1 , welches ein organisches Polymer mit einem (poly)-konjugierten 7i-Elektron-Sy- 
so stem oder ein Derivat davon enthalt. 

3. Polymerpulver nach Anspruch 2, wobei das Polymer aus der Gruppe bestehend aus Polydiacetylen, Polyacetylen, 
Polypyrrol, Polyanilin, Polythiophen, Polyisothianaphthen, Polyheteroarylenvinylen (bei dem die Heteroarylen- 
gruppe Thiophen oder Pyrrol sein kann), Poly-p-phenylen, Polyphenylensulfid, Polyperinaphthalin und Polyphtha- 

55 locyanin ausgewahlt ist. 

4. Polymerpulver nach einem der Anspruche 1 bis 3, dadurch gekennzeichnet, dal3 es in seiner getrockneten Form 
nicht mehr als 10 Gew.-% von der Polymerisation stammenden Verunreinigungen enthalt. 
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5. Polymerpulver nach einem der Anspruche 1 bis 4, dadurch gekennzeichnet, da(3 das leitfahige Polymer in einer 
Form vorliegt, die reversibel durch Oxidation oder Protonierung dotiert ist. 

6. Polymerpulver nach einem der Anspruche 1 bis 5, dadurch gekennzeichnet, da(3 es keine Gegenionen mit einem 
5 Molekulargewicht von mehr als 1 000 enthalt. 

7. Verfahren zur Herstellung des intrinsisch leitfahigen Polymerpulvers nach den Anspruchen 1 bis 6, dadurch ge- 
kennzeichnet, da(3 die Polymerisation in einem Losungsmittel ausgefiihrt wird, in dem das entsprechende Mono- 
mer in Losung oder kolloidaler Dispersion vorliegt, aber in dem das gebildete Polymer unloslich ist und da(3 die 

10 Temperatur der Reaktionsmischung durch Kuhlen und die Geschwindigkeit der Oxidationsmittelzugabe reguliert 

wird, so da(3 sie nicht iiber einen Wert von mehr als 5 °C oberhalb der Starttemperatur ansteigt. 

8. Verfahren nach Anspruch 7, dadurch gekennzeichnet, daB man die Temperatur nicht iiber einen Wert von mehr 
als 2 °C oberhalb der Starttemperatur ansteigen laBt. 

15 

9. Verfahren nach Anspruchen 7 oder 8, dadurch gekennzeichnet, daB die Polymerisation bei einer Temperatur von 
< 5 °C durchgefuhrt wird. 

10. Verfahren nach einem der Anspruche 7 bis 9, dadurch gekennzeichnet, daB die Polymerisation in einer solchen 
20 Weise durchgefuhrt wird, daB die Monomerkonzentration in der Losung oder Dispersion zu keiner Zeit 20 Gew.- 

% ubersteigt. 

11. Verfahren nach einem der Anspruche 7 bis 10, dadurch gekennzeichnet, daB die Polymerisation unter einer In- 
ertgasatmosphare durchgefuhrt wird. 

25 

12. Verfahren nach einem der Anspruche 7 bis 11, dadurch gekennzeichnet, daB das elektrochemische Potential der 
Reaktionsmischung < 730 mV gehalten wird. 

13. Verfahren nach einem der Anspruche 7 bis 12, dadurch gekennzeichnet, daB Emulgatoren und/oder Dispersions- 
30 mittel zur Bildung einer Monomerdispersion zugegeben werden. 

14. Verfahren nach einem der Anspruche 7 bis 13, dadurch gekennzeichnet, daB die Viskositat der Monomerldsung 
oder -dispersion > 0,9 mPa-s vor dem Start der Polymerisationsreaktion betragt. 

35 15. Verfahren nach Anspruch 14, dadurch gekennzeichnet, daB die Viskositat der Monomerlosung oder -dispersion 
durch Zugabe einer in dem Reaktionsmedium loslichen viskositatserhohenden organischen Substanz eingestellt 
wird. 

16. Verfahren nach Anspruchen 14 oder 15, dadurch gekennzeichnet, daB die Viskositat des Reaktionsmediums durch 
40 Einstellung seiner Temperatur auf einen ausreichend niedrigen Wert reguliert wird. 

17. Verfahren nach einem der Anspruche 7 bis 16, dadurch gekennzeichnet, daB nach der Beendigung der Polyme- 
risationsreaktion die Polymersuspension oder -dispersion auf eine Temperatur oberhalb von 1 00 °C erwarmt wird, 
wobei diese Nachbehandlung in einem geschlossenen Behalter und sofern notwendig unter erhohtem Druck 

45 durchgefuhrt wird. 

18. Verfahren nach einem der Anspruche 7 bis 16, dadurch gekennzeichnet, daB das Polymerpulver durch Oxidation 
oder Reduktion oder durch Behandlung mit einer Saure oder Base reversibel in einen leitfahigen oder nicht-leit- 
fahigen Oxidations- oder Protonierungszustand ohne wesentliche Veranderung der Oberflache und der GroBe der 

so Primarteilchen umgewandelt wird. 

19. Verwendung des Polymerpulvers nach Anspruchen 1 bis 6 zur Herstellung von Formteilen mit elektrischer Leitfa- 
higkeit, indem das Pulver bei erhohten Temperaturen in Abwesenheit von Luft gepreBt wird. 

55 20. Verwendung nach Anspruch 19, dadurch gekennzeichnet, daB das Pulver oder ein Vorformling isostatischem 
Druck ausgesetzt wird. 

21. Verwendung des Polymerpulvers nach Anspruchen 1 bis 6 zur Herstellung von Polymerblends, indem das intrin- 
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sisch leitfahige Polymerpulver mit nicht-leitfahigen Matrixpolymeren und/oder mit polymerisierbaren Monomeren 
und/oder Prapolymeren gemischt wird, aus welchen das Matrixpolymer durch Polymerisation hergestellt wird. 

22. Verwendung nach Anspruch 21 , dadurch gekennzeichnet, da3 thermoplastische Matrixpolymere verwendet wer- 
5 den. 

23. Verwendung nach Anspruch 21 , dadurch gekennzeichnet, da(3 die Mischung von intrinsisch leitfahigem Polymer- 
pulver und polymerisierbaren Monomeren und/oder Prapolymeren durch Polymerisation direkt zu dem gewunsch- 
ten geformten Korper umgewandelt wird. 

10 

24. Verwendung nach Anspruch 23, dadurch gekennzeichnet, daB die Matrixpolymere nicht thermoplastisch sind. 

25. Verwendung nach Anspruch 23 oder 24, dadurch gekennzeichnet, da3 die Mischung von intrinsisch leitfahigem 
Polymerpulver und polymerisierbaren Monomeren und/oder Prapolymeren in Form eines Lackes vorliegt, welcher 

is gegebenenfalls ein Losungsmittel enthalt. 

26. Verwendung des Polymerpulvers nach einem der Anspruche 1 bis 6 oder der daraus gemaB den Anspruchen 1 9 
bis 25 erhaltenen Formkorper oder Lacke 

20 +■ als elektrische Leiter oder Halbleiter, 

»■ als Schutz gegenuber statischen Aufladungen, 

*■ zur Abschirmung gegenuber elektromagnetischen Wellen (EMI-Abschirmung), 

*■ als Kondensatoren oder als Ersatzstoffe fur den Elektrolyten in einem Elektrolytkondensator, 

> zur Herstellung von Halbleiterkomponenten, insbesondere Dioden oder Transistoren, 
25 *■ als Photoleiter oder bei photovoltaischer Energieumwandlung, 

»■ in Kombination mit Metallen oder Halbmetallen oder in Kombination mit verschiedenen unterschiedlichen 
leitfahigen Polymeren unter Ausnutzung des thermoelektrischen Effektes als ein Temperatursensor (IR-Ab- 
sorption) oder bei der thermoelektrischen Energieumwandlung, 

> als Sensoren, 

30 »■ als Indikatoren (Elektrochromismus), 

*• bei Elektrolyse- oder Elektrosynthese-Verfahren als elektrokatalytische Elektroden, insbesondere bei 
Brennstoffzellen, 

*■ bei der Photoelektrokatalyse oder -synthese, 

* beim Korrosionsschutz, 
35 *■ als Elektroden bei Batterien. 



Revendications 

40 1. Poudre dispersible de polymere intrinsequement conducteur (PIC) dope constitute de particules primaires ayant 
une aire de surface specifique selon la methode BET > 15 m 2 /g, un diametre moyen (en poids) de moins de 500 
nm, et presentant une concentration au seuil de percolation < 7,5 % de PIC en volume (tire d'une courbe de 
conductivity du PIC exprimant la conductivity en fonction de la concentration, mesuree en presence d'un agent 
tensioactif, dans une matrice polymere de polycaprolactone), ladite poudre pouvant etre obtenue par polymerisa- 

45 tion dans un solvant, dans lequel le monomere approprie est present en solution ou sous forme de dispersion 

colloi'dale, mais dans lequel le polymere forme est insoluble, et la temperature du melange reactionnel etant con- 
trolee par refroidissement et par la vitesse d'ajout de I'oxydant, de maniere a ce qu'elle n'atteigne pas une valeur 
superieure de plus de 5°C a la temperature initiale. 

so 2. Poudre de polymere selon la revendication 1 comprenant un polymere organique ayant un systeme d'electrons7i 
(poly)-conjugues ou un derive de celui-ci. 

3. Poudre de polymere selon la revendication 2, le polymere etant selectionne parmi le groupe constitue par le po- 
lydiacetylene, le polyacetylene , le polypyrrole , la polyaniline, le polythiophene, le polyisothianaphtene, le poly- 

55 heteroarylene vinylene (dans lequel le groupe heteoarylene peut etre un groupe thiophene, ou pyrrole), le poly- 

p-phenylene, le polysulfure de phenylene , le polyperinaphtalene , et la polyphtalocyanine. 

4. Poudre de polymere selon I'une des revendications 1 a 3, caracterisee en ce que, a I'etat sec, elle ne contient pas 
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plus de 10% en poids d'impuretes provenant de la polymerisation. 

5. Poudre de polymere selon I'une des revendications 1 a 4, caracterisee en ce que, le polymere conducteur est 
sous une forme qui est dopee reversiblement par oxydation ou protonation. 

5 

6. Poudre de polymere selon I'une des revendications 1 a 5, caracterisee en ce qu'elle ne contient pas de contre 
ions ayant un poids moleculaire superieur a 1000. 

7. Procede de preparation de la poudre de polymere intrinsequement conducteur selon les revendications 1 a 6, 
10 caracterise en ce que Ton effectue la polymerisation dans un solvant, dans lequel le monomere approprie est 

present en solution ou sous forme de dispersion colloi'dale, mais dans lequel le polymere forme est insoluble, et 
la temperature du melange reactionnel est controlee par ref roidissement et par la vitesse d'ajout de I'oxydant, de 
maniere a ce qu'elle n'atteigne pas une valeur superieure de plus de 5°C a la temperature initiale. 

is 8. Procede selon la revendication 7, caracterise en ce que Ton ne laisse pas la temperature monter a une valeur 
superieure de 2°C a la temperature initiale. 

9. Procede selon les revendications 7 ou 8, caracterise en ce que Ton effectue la polymerisation a une temperature 
<5°C. 

20 

10. Procede selon I'une quelconque des revendications 7 a 9, caracterise en ce que Ton effectue la polymerisation 
de maniere a ce que la concentration du monomere dans la solution ou la dispersion ne depasse a aucun moment 
20% en poids. 

25 11. Procede selon I'une quelconque des revendications 7 a 10, caracterise en ce que Ton effectue la polymerisation 
sous une atmosphere de gaz inerte. 

12. Procede selon I'une quelconque des revendications 7 a 11 , caracterise en ce que Ton maintient le potentiel elec- 
trochimique du melange reactionnel < 730 mV. 

30 

13. Procede selon I'un quelconque des revendications 7 a 12, caracterise en ce que Ton ajoute des emulsifiants et/ 
ou des agents dispersants pour la formation d'une dispersion du monomere. 

14. Procede selon I'un quelconque des revendications 7 a 13, caracterise en ce que la viscosite de la solution ou de 
35 la dispersion monomere est > 0,9 mPa.s avant le debut de la reaction de polymerisation. 

1 5. Procede selon la revendication 1 4, caracterise en ce que la viscosite de la solution ou de la dispersion monomere 
est ajustee par I'addition d'une substance organique augmentant la viscosite, qui est soluble dans le milieu reac- 
tionnel. 

40 

16. Procede selon les revendications 14 ou 15, caracterise en ce que la viscosite du milieu reactionnel est controlee 
en ajustant sa temperature a une valeur suffisamment basse. 

17. Procede selon I'un quelconque des revendications 7 a 16, caracterise en ce Ton chauffe apres la fin de reaction 
45 de polymerisation la suspension ou la dispersion de polymere a une temperature superieure a 100°C, ce post- 

traitement etant effectue dans un recipient ferme en augmentant la pression si necessaire. 

18. Procede selon I'un quelconque des revendications 7 a 16, caracterise en ce Ton convertit la poudre de polymere 
de maniere reversible par oxydation ou reduction ou partraitement avec un acide ou une base a un etat d'oxydation 

so conducteur ou non conducteur ou de protonation, sans alterer de maniere significative la forme et la taille des 

particules primaires. 

19. Utilisation de la poudre de polymere selon les revendications 1 a 6 pour la fabrication de pieces electriquement 
conductrices mises en forme par pressage de la poudre a des temperatures elevees en I'absence d'air. 

55 

20. Utilisation selon la revendication 1 9, caracterisee en ce que Ton expose la poudre ou le materiau vierge preforme 
a une pression isostatique. 
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21. Utilisation de la poudre de polymere selon les revendications 1 a 6 pour la fabrication de melanges de polymeres 
en melangeant la poudre de polymere intrinsequement conducteur avec une matrice de polymeres et/ou avec des 
monomeres et/ou des prepolymeres non-conducteurs, a partir desquels on produit la matrice polymere par poly- 
merisation. 

22. Utilisation selon la revendication 21 , caracterisee en ce que Ton utilise une matrice de polymeres thermoplastiques. 

23. Utilisation selon la revendication 21, caracterisee en ce que Ton convertit le melange de la poudre de polymere 
intrinsequement conductrice et des monomeres et/ou des prepolymeres polymerisables directement par polyme- 
risation, en le solide desire mis en forme. 

24. Utilisation selon la revendication 23, caracterisee en ce que la matrice de polymeres n'est pas thermoplastique. 

25. Utilisation selon la revendication 23 ou 24, caracterisee en ce que le melange de la poudre de polymere intrinse- 
quement conductrice et des monomeres et/ou des prepolymeres polymerisables est sous la forme d'un vernis qui 
peut contenir de maniere facultative un solvant. 

26. Utilisation de la poudre de polymere selon I'une quelconque des revendications 1 a 6 ou des solides mis en forme 
ou des vernis obtenus a partir de ceux-ci selon les revendications 19 a 25 

»■ comme conducteurs electriques ou semiconducteurs, 

*■ comme protection contre les charges statiques, 

*■ comme blindage contre les ondes electromagnetiques (blindage EMI) 

> comme condensateurs ou comme substituts de Pelectrolyte dans un condensateur electrolytique, 
*■ pour la fabrication de composants semiconducteurs, en particulier des diodes ou des transistors, 
*■ comme photoconducteurs ou dans la conversion d'energie photovoltai'que, 

»■ en combinaison avec des metaux ou des semi-metaux ou en combinaison avec differents polymeres 
conducteurs varies en utilisant I'effet thermoelectrique comme capteurde temperature (absorption IR)ou dans 
la conversion d'energie photovoltai'que, 

> comme capteurs, 

*• comme indicateurs(par effet electrochrome), 

*• dans des procedes d'electrolyse ou d'electrosynthese comme electrodes electrocatalytiques, en particulier 
dans les piles a combustible, 
- dans la catalyse ou la synthese photoelectrique, 
*• dans la protection contre la corrosion, 

> comme electrodes dans les accumulateurs. 
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